ABSTRACT -The objective of this study was to estimate the requirements for maintenance and gain of crude protein in Japanese and European quails aged 16-36 days. To determine the maintenance requirements, one experiment was conducted in a completely randomized design with four decreasing feeding levels (100, 75, 50 and 25%) and four replicates per treatment. The method of comparative slaughter was used, through a feeding assay. A total of 352 quails from each strain were housed by supply level in 16 pens measuring 1.0 × 1.5 m, totaling 22 birds per cage under ambient temperature conditions (26±0.5 °C). To estimate the requirement gains, one experiment was conducted with five groups of quails fed ad libitum and housed under controlled temperature of 18 °C. All poultry were slaughtered at 16, 21, 26, 31 and 36 days of testing for determination of body composition in protein throughout growth. The requirement for maintenance of the Japanese quail differs from that obtained with the European quail. The protein was retained at the proportion of 32% for European quails and 25% for the Japanese quails. This difference in retention promoted estimate of 0.65 g/g gain in European quails and 0.84 g/g gain in Japanese quails. Quails should be fed diets formulated considering the requirement for protein of each genotype.
Introduction
Commercially raised quails have two geographical origins: one group was bred in Asia, for egg production and the other in Europe, for meat production (Silva & Costa, 2009 ). According to Silva et al. (2007) , differences in the nutrition of Japanese and European quails are similar to those between broilers and laying hens, in which diets formulated for a species should not be used in the feeding of others.
Considering the absence of studies to comparatively assess the changes in mass and body composition of quail genotypes in the growth phase, Silva & Costa (2009) applied the Gompertz curve and estimated the highest rate of daily weight gain at 28 days of age for both quail species, but the European ones had greater weight at maturity and higher rate of gain in the growth phase. Again, Silva & Costa (2009) reported that European quails are more demanding in protein than the Japanese ones. Results of Jordão Filho et al. (2011) showed that European quails also required more energy for maintenance and were more efficient in energy use for gain than the Japanese ones.
Healthy animals under growth use basically the metabolizable protein to meet the requirements of maintenance and gain, but the efficiency with which these functions are met depends on many internal and external factors to the animal body, among which is the quail genotype (Jordão Filho et al., 2011) . Meeting all requirements under varying conditions of genetics, climatic environment and housing has justified the development of prediction models.
Considering that the commercial production of quails should prioritize the optimization of the dietary protein conversion into body protein (lean meat) and egg production, errors in the protein concentration of feeds may diminish the economic and productive performance of poultry. Excess protein increases the oxidation of amino acid as source of energy and nitrogen excretion, whereas the deficiency increases the catabolism of tissue protein and fat from the poultry carcass. Therefore, the protein unbalance in the diet increases the activity of key enzymes in the catabolism of amino acids (Yuan & Austic, 2001) . This is because the excess in amino acids in the bloodstream is toxic to the animal organism, so there must be quick removal, usually by the liver, catabolism and excretion of nitrogen ingested above the body needs (Nelson & Cox, 2011) .
Thus, the objective of the present study was to estimate the protein requirements for maintenance and gain of European and Japanese quails during the growth period of 16 to 36 days of age.
Material and Methods
The experiment was conducted at the Laboratory of Poultry Nutrition Research at the Centro de Ciências Humanas, Sociais e Agrárias of UFPB, located in the city of Bananeiras, Paraíba, Brazil.
Estimates of maintenance requirements and weight gain in crude protein were determined in two commercial quail genotypes (Japanese and European) in the period of 16-36 days of age.
The requirement for maintenance was estimated in one experiment with 352 quails of each genotype, weighted at 16 days and distributed by weight range in 16 pens of 1.5 m 2 (1.0 × 1.5 m) with 22 poultry each. Pens were equipped with a drinker, feeder, incandescent bulbs of 60 W and the floor was covered with litter shavings. The poultry received natural and artificial light for 24 hours and the mean temperature in the shed was 26±0.5 °C.
The design was completely randomized, with decrease of the feed supply level based on ad libitum intake (100, 75, 50 and 25%). The consumption level of 25% was determined by the prediction model proposed by Silva et al. (2004ab) , so that poultry consumed nutrients below the maintenance requirement. The diet was formulated based on corn and soybean meal (Table 1) , as recommended by Silva & Costa (2009) .
The requirement of protein for maintenance was estimated by the comparative slaughter methodology. A group of 50 quails of each genotype was slaughtered at 16 days of age (slaughter reference) and all quails of the plots at 36 days of age, assuming that the body composition of the initial slaughter group represented the body composition of the whole population (Wolynetz & Sibbald, 1987) . The reference group of 50 birds was chosen based on the standard deviation of ±5% from the average live weight of quails at 16 days of age, composing weight of 67.7±4 g for Japanese quails and 93.1±5 g for European quails.
After solid fasting of 24 hours, quails were weighed for measurement of the empty body weight, and then killed by cervical dislocation, avoiding the loss of blood and feathers to enable the evaluation of the nutrient deposition in the body.
The empty body of each bird was identified and stored in a freezer. It was then triturated in cutter-type meat grinder three consecutive times, removing a representative sample. These samples were weighed and placed in forced-ventilation oven at 55 °C for 72 hours to pre-drying. Later, they were again ground in cutter two consecutive times and once in Willey-type mill and conducted to laboratory for the analytical determinations, according to Silva & Queiroz (2002) .
The dry matter of samples was obtained after drying in oven with ventilation and forced air circulation at 105 °C for 4 hours, and the crude protein by Kjeldahl method. Lipids were extracted by immersing the samples in hexane Soxhlet apparatus, and the mineral matter by burning the sample in oven at 600 °C for 4 hours. The gross energy was determined by Parr type adiabatic calorimeter bomb. Silva & Costa (2009) . 2 Product composition/kg: vit. A -10,000,000 IU; vit D3 -2,500,000 IU; vit. E -15,000 mg; vit. K -2,000 mg; vit. B1 -2,000 mg; vit. B2 -4,000 mg; vit. B6 -4.000 mg; vit. B12 -15,000 mg; vit. C -50,000 mg; niacin -30,000 mg; biotin -60 mg; folic acid -500 mg; pantothenic acid -16,000 mg; BHT -125 mg. 3 Product composition/kg: Zn -110,000 mg; Se -360 mg; I -1,400 mg; Cu -20,000 mg;
Mn -156,000 mg; Fe -96,000 mg. The protein retained in the poultry body of each plot was calculated as the difference between the amount of protein in the empty body of poultry slaughtered at the end of the experiment and the amount present in the poultry body of the reference slaughter. The maintenance requirements were determined by linear regression of protein retained in the empty body according to protein intake. The line intercept with the X axis was interpreted as a requirement for protein dietary maintenance, while the regression coefficient (parameter "b") indicated the efficiency of protein utilization for weight gain.
To determine the net protein requirement for weight gain of Japanese and European quails, poultry from the initial and final slaughters were used, in a group of 90 quails, which was slaughtered in three intermediate phases.
Each intermediate group consisted of three replicates of ten quails slaughtered at 21, 26 and 31 days of age. These groups of poultry were reared and fed the experimental diet, according to the methodology described by Silva et al. (2004ab) . Animals were housed in climatic chamber with controlled temperature of 18.6±0.6 °C. Feed intake, poultry weight, weight gain and subsequently, protein retention in the empty body, in addition to proximal composition similar to the analytical and bromatological procedures conducted on samples of the maintenance group were determined.
The net protein requirement for weight gain was estimated by regressing the retained protein according to the empty body weight of quails in five slaughter periods (16, 21, 26, 31 and 36 days); parameter "b" was the net requirement itself, in g/g of crude protein for gain, while the dietary requirement for gain was calculated by the relationship between net protein requirement and utilization efficiency determined in the trial for maintenance.
Results and Discussion
The crude protein intake declined as the feed supply dropped to 25% of ad libitum feeding, affecting protein retention in poultry (Table 2) . Although protein intake varies little between genotypes, the European quails were more efficient in retaining the protein intake compared with the Japanese ones at the level of 50%, but when 25% of ad libitum feeding was offered, European quails showed negative balance of protein, while the Japanese showed positive balance.
The difference in nutritional balance between European and Japanese quails is exactly similar to that observed between broilers and laying hens in which each genotype has specific requirement for each nutrient and corroborates the suggestion of Silva et al. (2007) , that diets formulated for a quail species should not be used in feeding other species. Silva & Costa (2009) showed that European quails had higher rate of daily gain and higher weight at maturity than the Japanese quails. These differences were confirmed by comparing the results of weight gain of Japanese quails from 2.76 g/hen/day of 1-12 days of age (Silva et al., 2004a) with the weight gain of European quails 3.27 g/hen/day of 1-14 days of age (Rezende et al., 2004) .
European quails had higher protein requirement for maintenance than the Japanese ones (Figure 1 ). This result confirms the suggestion of Silva & Costa (2009) , that European quails are more demanding in protein than the Japanese for maintenance. The protein requirement for maintenance of Japanese quails (4.78 g/kg 0.75 /day) was similar to the 4.75 g/kg 0.75 /day estimated for Japanese quails by Silva et al. (2004b) in the period between 15-32 days of age.
The intercept of the linear regression equation for body protein retention depending on the protein intake ( Figure 1 ) resulted in an endogenous protein estimate by 1.22 and 1.55 g/kg 0.75 /day for Japanese and European quails, respectively. The European genotype showed metabolic and endogenous losses of nitrogen (248 mg/kg 0.75 /day) higher than the Japanese strain (195 mg/kg 0.75 /day); however, the values were within the recommendation of Scott et al. (1982) , with loss of approximately 250 mg nitrogen/kg body weight. According to these authors, the endogenous metabolism and digestive tract consists of saliva, gastric juice, pancreatic juice, desquamation of epithelial cells of the intestinal mucosa and mucins that are produced and secreted by cells throughout the gastrointestinal tract. Differences in nitrogen losses reflect, possibly, changes in retention and genetics of each quail species.
Protein was retained in the proportion of 25 and 32% protein intake by European and Japanese quails, respectively. These values were lower than those obtained with replacement pullets aged 42-63 days (55%), estimated by Albino et al. (1994) , however, they remained above the 23% estimated for Japanese quails aged 15-32 days (Silva et al., 2004b Silva et al. (2007) , that poultry should be fed diets formulated considering the requirement of each genotype. To gain, there were variations in body weight and crude protein content of the empty body of both quail genotypes (Table 3) . Similar net protein requirements were estimated for both quail species at approximately 0.21 g of crude protein/g gain ( Figure 2) ; however, the dietary requirement for protein gain was 30% higher for Japanese quails compared with the European (0.84 vs. 0.65 g of crude protein/g gain), due to their being less efficient in the use of dietary protein to gain than European quails (0.32 versus 0.25%). These results show that animals with the same net requirement may have different dietary requirements for the same nutrient.
Despite the net requirement per gram of gain being close and European quails having lower dietary protein requirement per gram of the gain than the Japanese, European quails need to ingest lower amounts of protein daily (Figure 3 ) to ensure higher rates of daily weight gain (Figure 4) . Differences in protein gain in the empty body of quails began to take shape from the third week of age (Figure 4 ) and increased after 21 days of age, following the trend observed in a study on the weight gain curve (Silva & Costa, 2009) . At the end of the growth period studied, the European quails showed protein deposition in empty body about 56% higher than the value observed in the Japanese strain, explaining the greater efficiency in the deposition of protein intake by European quails.
Knowledge of these differences in dietary requirements between both quail species helps in the decision to define protein levels in the diet for each of them. Hyánková & Knízetová (2009) , studying females and males of two strains of Japanese quails selected for high and low weight gain, concluded that the former were very sensitive to the low crude protein content of the diet with lower growth rate from the first to the six weeks of life in comparison with the genotype selected for the low rate of gain. The authors suggested that from the onset, quails selected for high body gain needed to consume higher amounts of protein compared with poultry of slow growth. New evidence has shown (Silva & Costa, 2009 ) that the highest rate of daily weight gain in both genotypes occurs at approximately 28 days of age, but the gain is 85% higher in the European quails in comparison with the Japanese (7.6 vs. 4.1 g/day weight gain); therefore, European quails have higher body deposition rate than Japanese. Among Japanese quail species, but with different genetic characteristics, Hyánková & Knízetová (2009) estimated, by the Richard curve, higher weight at maturity, higher rate of weight maturation and higher weight at the peak of maturity (inflection point) of quail strains selected for high gain compared with quails improved for low growth, despite the latter being about seven days earlier.
Estimates of dietary protein requirements for gain of Japanese (0.84 g/g) and European (0.65 g/g) quails were above 0.31 g/g of gain estimated for Lohmann pullets aged between 42 and 63 days (Albino et al., 1994) due to the lower use efficiency for protein deposition in the body.
Lower protein retention by quails in comparison with the pullets was also observed by Silva et al. (2004b) , working with Japanese quails aged between 15 and 32 days. This shows that there are differences between poultry species in the protein requirement for gain. In a study with broiler breeders, Filardi et al. (2000) found 0.45 g of protein gain for the phase between 15 and 20 weeks, estimate above 0.34 and 0.40 g/g protein gain for stages from 3 to 8 and 9 to 14 weeks of age, respectively. With Japanese quails, 0.46 to 0.84 g/g protein gain was determined for the period 1-12 and 15 to 32 days of age by Silva et al. (2004a,b) , arguing that the increased requirement of protein gained by the proximity of position is assigned to a lower use efficiency of protein with increasing age. On the other hand, Samadi & Liebert (2006) found that the daily nitrogen deposition in broilers increased with poultry age so that it reduced the estimate of 3.45 to 2.60 mg N/kg 0.67 /day at the phase 10-25 to 30-45 days of age, respectively. The combination of protein requirement estimates using the prediction equations of this study with the estimates of metabolizable energy requirements set in Jordão Filho et al. (2011) enabled the simulation of nutrition plans for European and Japanese quails (Table 4) , in which the former require more dietary protein by the lower efficiency of protein deposition. Feed with higher energy density should contain more protein due to the lower consumption. Assuming increasing weight gains in quails, the higher the desired weight gain the higher the amount of feed, protein and energy to be fed to poultry.
The results of this study confirm the suggestions of Silva & Costa (2009) about superior protein contents for European quails than for Japanese, whereas there are differences in protein requirements between the two genotypes improved for laying and meat production. The use efficiency of protein for maintenance of metabolic processes and growth depends on the poultry genotype, in which poultry with the greatest potential for growth would be theoretically more efficient using the diet nutrients. The differences in requirements for maintenance and weight gain for both quail genotypes corroborate the statement of Silva et al. (2007) , that diets formulated to a quail species should not be used in feeding other species, similar to what happens to broilers and laying hens.
Conclusions
The prediction models to estimate the crude protein requirements utilized in this study result in higher maintenance requirement for European quails and higher gain demand for Japanese quails. 
